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Collection of solid debris from the National Ignition Facility (NIF) is being developed both as a diagnostic tool and as a means for measuring nuclear reaction cross sections relevant to the Stockpile Stewardship Program and nuclear astrophysics. The concept is straightforward; following a NIF shot, the debris that is produced as a result of the capsule and hohlraum explosion would be collected and subsequently extracted from the chamber. The number of nuclear activations that occurred in the capsule would then be measured through a combination of radiation detection and radiochemical processing followed by mass spectrometry.
Development of the catcher is challenging due to the complex environment of the NIF target chamber. The collector surface is first exposed to a large photon flux, followed by the debris wind that is produced. The material used in the catcher must be mechanically strong in order to withstand the large amount of energy it is exposed to, as well as be chemically compatible with the form and composition of the debris. In addition, the location of the catcher is equally important. If it is positioned too close to the center of the target chamber, it will be significantly ablated, which could interfere with the ability of the debris to reach the surface and stick. If it is too far away, the fraction of the debris cloud collected will be too small to result in a statistically significant measurement. Material, geometric configuration, and location must all be tested in order to design the optimal debris collection system for NIF.
One of the first ideas regarding solid debris collection at NIF was to use the disposable debris shields (DDS), which are fielded over the final optics assemblies (FOA) 7 m away from the center of the target chamber. The DDS are meant to be replaced after a certain number of shots, and if the shields could be subsequently analyzed after removal, it would serve as a mechanism for fielding a relatively large collection area through the use of a part meant to be replaced regularly. The solid angle covered by one of the shields is roughly 10 -4 of 4. If several shields were analyzed at once, it would increase the solid angle of the collection area accordingly.
The glass shields consist of ammonia hardened silica with a sol gel coating and kapton tape around the edge. The square sheets are 14" on each side. The original shields were 1 mm thick, but it was determined that a thicker shield (3.3 mm) was more effective in preventing debris from reaching the FOA. The Solid Radchem group received two sets of DDS as part of our evaluation of the potential use of the DDS as solid debris collectors. The first set consisted of two 3.3 mm shields, one each from the top and bottom of the chamber (the "3mm set"). The second set consisted of four 1mm shields, one from the top of the chamber and the other three from the bottom (the "IFSA set"). For each set, the shields were cut into smaller subsamples, which were then imaged using scanning electron microscopy (SEM) followed by chemical leaching and mass spectrometry. The purpose was to evaluate both the quantity and identity of the debris that was present on the DDS surfaces, and to determine if any of the capsule debris was reaching the chamber walls. In addition, potential enhancement due to gravity in the chamber was evaluated by directly comparing shields fielded in the top and bottom of the chamber. Based on the results, the use of the DDS as debris collectors would be evaluated.
The results from both sets were presented to the DDS Working Group. The slides are attached to this document. The 3mm set results are presented first, followed by the results from the IFSA set. In both cases it was determined that a small fraction of the overall debris field was collected on the DDS. This means that the debris that is formed during a NIF shot is condensing out of the plasma and depositing on surfaces closer to the target chamber center, or else it is simply falling to the bottom of the chamber. In either case, it was determined that using the DDS, or fielding a debris collector at the chamber wall, was not feasible for solid debris collection at NIF due to the small amount of debris that had been collected. In addition, since the glass shields suffered quite a bit of damage from particles impacting the surface, glass was ruled out as a collection medium.
Attached to this document are the following presentations made to the DDS Working Group: Results and observations from SEM and mass spectrometry of 3.3 mm DDS
• SEM images are from DDS 870009 (see separate files)
• DDS 870036 was not imaged
• Mass spectrometry has been run in regions 1-3 on both DDS
• The process blank had high levels of most analytes due to vigorous leaching that dissolved too much of the surface
• Gold and indium were observed at concentrations at least ten times higher than the process blank
• Most elements observed (other than gold) are from first wall components and not from TCC
• Region 1 had few splats but more cratering due to beam cleaning and laser damage
• Region 2 had a high density of both splats and craters NIF-0000-12345.ppt Talk ---Cu: Wires.
---Au: Holhraums.
Fairly abundant elements:
---In: Low-melting point solders.
---(Fe, Cr, Ni): Austenitic stainless steel, ferritic stainless steel structural parts.
Least abundant elements:
---(Zn, Cu): Brass structural parts, of which there are relatively few.
---C : Pyrolyzed polymers.
---Ti: Alloying element in 5356 aluminum weld alloy.
---Ag: Silver plating on stainless steel screws.
---Mn: Alloying element in stainless steels and 6000-series aluminum alloys used for structural parts.
---Pb: Solder.
---F : Fluoropolymers, PFPE oils and greases used as lubricants.
---B : Targets? ---Ca, S Cl, Ba, Mo: I have no suggestions.
